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ABSTRACT 

An e x p e r i m e n t a l  i n v e s t i g a t i o n  was performed t o  o b t a i n  d e t a i l e d  
aerodynamic h e a t i n g  d i s t r i b u t i o n s  on a model of a s p a c e - s h u t t l e  del ta-wing 
o r b i t e r  w i t h  twin  wing- t ip  v e r t i c a l  t a i l s .  T e s t  d a t a  were o b t a i n e d  f o r  zn 

0 0 
ang le -of -a t t ack  range  of -5 t o  5 3  , s e l e c t e d  s i d e s l i p  and c o n t r o l - s u r f a c e  
d e f l e c t i o n  a n g l e s ,  a f ree - s t ream Mach number of 7 . 4 ,  and f r e e - s t r e a n  
Reynolds numbers, based on model body l e n g t h ,  from 1 x l o 6  t o  7 x lo6 
R e s u l t s  showing t h e  e f f e c t s  of Reynolds number, v e h i c l e  a t t i t u d e ,  and 
c o n t r o l - s u r f a c e  d e f l e c t i o n s  on t h e  v e h i c l e  h e a t i n g  a r e  p r e s e p t e d  and 
analyzed.  
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SUMMARY 

An experimental  i n v e s t i g a t i o n  was performed t o  ob ta in  d e t a i l e d  aero- 
dynamic hea t ing  d i s t r i b u t i o n s  on a  space s h u t t l e  delta-wing o r b i t e r  model, 
The t e s t  model, instrumented wi th  thermocouples, was a  0.006-scale repre-  
s e n t a t i o n  of t h e  North American Rockwell Corporation 134B delta-wing orbiter 
with  twin wing-tip v e r t i c a l  t a i l s .  The t e s t  program was conducted i n  the 

0 
Ames 3.5-foot hypersonic wind tunnel  f o r  an angle-of-attack range of -5 
t o  53O, s e l e c t e d  s i d e s l i p  and cont ro l - sur face  d e f l e c t i o n  ang le s ,  a free- 
stream Mach number of 7.4,  and free-stream Reynolds numbers, based on model 
body l eng th ,  from 1 x lo6 t o  7 x  l o 6 .  

Complete t abu la t ed  r e s u l t s  f o r  t h e  t e s t  program a r e  included and 
r e p r e s e n t a t i v e  p l o t t e d  r e s u l t s  a r e  presented and d iscussed  t o  show the  
e f f e c t s  of Reynolds number, v e h i c l e  a t t i t u d e  (angle of a t t a c k  and sideslip 
ang le ) ,  and cont ro l - sur face  d e f l e c t i o n s  (elevon and rudder)  on t h e  vehicle 
hea t ing  d i s t r i b u t i o n s .  For angles  of a t t a c k  from 15' t o  53O, t h e  laminar 
hea t ing  f o r  t h e  bottom c e n t e r l i n e  of t h e  body forward of t h e  wing, except 
f o r  t h e  nose s t agna t ion  reg ion ,  were predic ted  we l l  by modified swept-cylinder 
theory.  Usual ly,  t h e  e f f e c t  of i nc reas ing  ang le  of a t t a c k  was t o  increase the 
hea t ing  on t h e  windward s u r f a c e s  and decrease  t h e  hea t ing  on t h e  leeward 
s u r f a c e s  where flow sepa ra t ion  occurred.  On t h e  windward su r f aces  of the body 
and wing, i nc reas ing  Reynolds number caused inc reases  i n  hea t ing ,  thus  indi- 
c a t i n g  t h e  p o s s i b i l i t y  of boundary-layer t r a n s i t i o n  and/or  t h e  e f f e c t s  of 
t h e  complex flow i n  t h e  wing-body shock l a y e r .  Inc reases  i n  hea t ing  w i t h  
i nc reas ing  Reynolds number were a l s o  observed i n  reg ions  where reat tachin.g 
flow occurred,  such a s  on t h e  canopy. Increas ing  s i d e s l i p  angle  (windward) 
and d e f l e c t i n g  c o n t r o l  s u r f a c e s  i n t o  t h e  windward flow caused marked increases 
i n  hea t ing  on t h e  body s i d e  and t h e  c o n t r o l  s u r f a c e s ,  r e s p e c t i v e l y ,  

INTRODUCTION 

Fu l ly  r eusab le  two-stage space s h u t t l e  systems, t o  be  used f o r  trans- 
po r t ing  payloads from e a r t h  t o  low-earth o r b i t  and r e t u r n ,  a r e  c u r r e n t l y  
being inves t iga t ed  ( see  r e f e rence  1 ) .  The f i r s t  s t a g e  of such a  s h u t t l e  
system is  a boos ter  t h a t  w i l l  provide i n i t i a l  a c c e l e r a t i o n  f o r  t h e  system, 
and t h e  second s t a g e  is  an o r b i t e r ,  conta in ing  t h e  payload, t h a t  w i l l  cont inue 
i n t o  o r b i t .  Both of t h e s e  s t a g e s  must be  capable of r e tu rn ing  t o  the launch 
s i t e  - o r  o the r  predetermined l o c a t i o n  - and making convent ional  a irplane-=type 
landings  . , 



Successful development of such a shuttle system requires the under- 
standing of problems in many technological areas. For example, configura- 
tion definition and reusability for both the booster and the orbiter are 
dependent on a complete knowledge of the aerodynamic heating of these 
vehicles for their broad range of flight conditions. Ln particular, this 
requires a large body of heating data to provide a data base for the develop- 
ment and/or evaluation of various techniques for predicting the aerodynamic 
heating to shuttle vehicles. 

The present experimental investigation was thus performed to obtain 
detailed aerodynamic-heating distributions on a delta-wing orbiter model 
for a range of test conditions. The test model, instrumented with thermo- 
couples, was provided by North American Rockwell Corporation (NAR) and was 
a 0.006-scale representation of the NAR 134B delta-wing orbiter with twin 
wing-tip vertical tails. The test program was conducted in the h e s  2.5- 

0 
foot hypersonic wind tunnel for an angle-of-attack range of -5 to 53 st 
a free-stream Mach number of 7.4 and free-stream Reynolds numbers, based on 
model body length, from 1 x lo6 to 7 x lo6. Results showing the effects 
of Reynolds number, vehicle attitude (angle of attack and sideslip angle), 
and control-surface deflections (elevon and rudder) on the vehicle heating 
distributions are presented and some comparisons with theory are shorn, 
Some of these test results and analyses have already been presented in 
references 2 and 3. The photographs in reference 4 showing the surface 
oil-flow patterns on the NAR 129 delta-wing orbiter, which is similar to the 
NAR 134B configuration, were helpful in interpreting the test results, 

The authors gratefully acknowledge the help of Harold Gorowitz and 
Patrick Carroll from North American Rockwell Corporation in the perfomance 
of the tunnel test program. 

NOMENCUTURE 

specific heat of model skin material 

total enthalpy 

model reference length (body axial length) 

free-stream Mach number 

pressure 

heat-transfer rate 

heat-transfer rate at model wall 



stagnation-point heat-transfer rate for reference sphere 

local chine radius of body 

local half-width of body 

reference sphere radius, 0.183 cm (0.006 ft) for test, 
equivalent to 0.305 m (1 ft) for full-scale vehicle 

free-stream Reynolds number based on model reference 
length, L 

surface distance in cross-flow direction 

temperature 

time 

cross-flow velocity at edge of boundary layer 

body axial distance from nose 

angle of attack 

sideslip angle 

elevon deflection angle (positive with trailing edge dskm.) 

rudder deflection angle (positive with trailing edge 
to left) 

surface emissivity 

body circumferential angle (positive measured clockwise 
from bottom centerline as viewed from rear of model) 

density of model skin material 

thickness of model skin 



Subscr ip ts :  

aw 

CY 1 

R 

L 

S 

s 1 

t 

W 

a d i a b a t i c  w a l l  

cy l inde r  s t agna t ion  l i n e  

l o c a l  va lue  

based on body a x i a l  l eng th  

r e fe rence  sphere  

symmetry o r  s t agna t ion  l i n e  

free-stream t o t a l  condi t ion  

w a l l  

free-stream s t a t i c  condi t ion  



EXPERIMENTAL METHOD 

F a c i l i t y  

The t e s t  program was conducted i n  a i r  i n  t h e  Ames 3.5-foot hypersonic wind 
tunnel .  This  f a c i l i t y ,  descr ibed i n  re ference  5,  is  a blowdown-type tunne l  
t h a t  u t i l i z e s  a pebble-bed h e a t e r  t o  h e a t  t h e  a i r  and axisymmetric contoured 
nozzles  t o  provide flow Mach numbers of 5.2,  7.4, and 10.4. The nozzle  w a l l s  
a r e  i n s u l a t e d  from the  h o t  a i r s t r e a m  by i n j e c t i n g  helium i n t o  the  nozzle 
boundary l a y e r  through annular  s l o t s  upstream of t h e  t h r o a t .  The tunnel i s  
equipped wi th  a model qu ick- inser t  mechanism f o r  qu ick ly  moving models 
i n t o  and out  of t he  a i r s t ream.  

A high-speed ana log- to-d ig i ta l  d a t a  a c q u i s i t i o n  system i s  used to 
record t e s t  da t a  on magnetic tape.  The p re sen t  system i s  equipped t o  
measure and record t h e  outputs  from 80 thermocouples and/or o t h e r  types  o f  
t ransducers  i n  add i t i on  t o  20 channels of tunnel  parameters.  

Model 

The t e s t  model, provided by North American Rockwell Corporation (NAIL o r  
NR) ,  was a 0.006-scale r ep re sen ta t ion  of the  NAR 134B delta-wing o r b i t e r ,  A 
photograph of t h e  model, and a three-view drawing of t h e  model showing the 
p r i n c i p a l  dimensions and flow o r i e n t a t i o n  a r e  given i n  f i g u r e s  1 and 2 ,  
r e spec t ive ly .  Tabulated dimensional da t a ,  provided by NAR, f o r  both the f u l l -  
s c a l e  and model-scale delta-wing o r b i t e r s  a r e  given i n  Appendix A. 

The b a s i c  model geometry cons is ted  of a fu se l age  body (B ) ,  a blended 
5 

d e l t a  wing (W ) w i t h  d e f l e c t a b l e  elevons (E5), and twin wing-tip vertical 
15 

t a i l s  (V15) w i t h  d e f l e c t a b l e  rudders (R5) . Replaceable b racke t s  were used t o  
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vary t h e  elevog d e f l e c t i o n  angle: (-7.5', oO, 10' and 14  ) and rudder def  lec- 
t i o n  angles  (0 , + 13O, and + 20 ). Both t h e  l e f t  (+) and r i g h t  (-1 rudder 
d e f l e c t i o n s  were only outboaf;d. 

The model was cons t ruc ted  of 17-4 PH s t a i n l e s s  s t e e l  and had the iastrtknnereted 
a r e a s  machined t o  a nominal s k i n  th ickness  a f  1 millTmeter (0.040 in,), The 
a c t u a l  s k i n  th ickness  w a s  measured a t  each instrumented loca t ion .  Model instru- 
mentation cons i s t ed  of 92 i ron-constantan thermocouples (30-gage wire) spot welded 
t o  the  i n n e r  s u r f a c e  of t h e  model a t  t h e  l o c a t i o n s  l i s t e d  i n  Table B and shorn 
i n  Figure 3. The 80 thermocouples (T/C) l i s t e d  i n  Table 11 were connected t o  
t he  d a t a  a c q u i s i t i o n  system f o r  t h i s  t e s t  program. 

Tes t  Conditions 

The t e s t  program which i s  presented  i n  Table I11 was conducted st a 
free-stream Mach number of 7.4 f o r  a range of f ree-stream Reynolds numbers, based6 6 
on model body l eng th ,  between 1 x 10 and 7 x lo6.  The Reynolds number of 1 r 10 
corresponds t o  t he  va lue  f o r  t h e  f u l l - s c a l e  veh ic l e  n e a r  peag hea t ing ,  The 



6 
maximum Reynolds number was l imi t ed  t o  4 x 10 a t  an angle of a t t a c k  of 
53' because of s t r e n g t h  l i m i t a t i o n s  of t h e  model. Data were obtained f o r  

0 0 
an an le-of-at tack range of -5 t o  53 , with  emphasis on the  e n t r y  values 8 
of 15 , 30°, and 53'. Tes ts  were made a t  a = 15O, 30°, and 53' wi th  
s i d e s l i p  angles  of 0' and -5' ( instrumented l i f t  s i d e  of model windward> 
and wi th  s e l e c t e d  cont ro l - sur face  d e f l e c t i o n s  ( 6 and 6 ) as  shown in 

e r 
0 

Table 111. The runs a t  a = -5 and 0 provide orb i te r -a lone  d a t a  as baseline 
information f o r  t he  o r b i t e r  mated t o  a boos t e r  a s  a launch conf igu ra t ion -  

The s p e c i f i c  t e s t  condi t ions ,  inc luding  the  tunnel  f r ee - s t r eam total 
temperature and p re s su re ,  a r e  given f o r  each run i n  Appendix B,  The ruri 
da t a  a r e  given i n  t he  o rde r  of t h e  run schedule given i n  Table 111, 

Test  Procedures and Data Reduction 

The model was mounted wi th  a base  s t i n g  a t  a p r e s e t  a t t i t u d e  on the 
quick- inser t  mechanism. This  mechanism i n j e c t e d  t h e  model i n t o  t h e  ais- 
stream when s t eady- s t a t e  t e s t  condi t ions  were e s t a b l i s h e d  and r e t r a c t e d  t h e  
model a t  t he  completion of da t a  a c q u i s i t i o n .  The model i n j e c t i o n  and retrac- 
t i o n  times were each s e t  a t  about 1 / 2  second and t h e  time on the  tunnel center- 
l i n e  was s e t  a t  about 1 second. 

The model w a l l  temperature d a t a  f o r  each thermocouple l o c a t i o n  a d  
t he  tunnel  condi t ions  were recorded on magnetic t ape  a t  0.07-second intervals 
during t h e  t e s t  dura t ion  of about 2 seconds. The r e s u l t i n g  w a l l  tenaperatures 
were d i f f e r e n t i a t e d  wi th  r e spec t  t o  t ime on a d i g i t a l  computer and the wall 
h e a t - t r a n s f e r  r a t e ,  %, was then determined by t h e  thin-skin technique with 

t he  fol lowing heat-balance equat ion:  

The d a t a  reduct ion  program y i e l d s ,  f o r  each thermocouple l o c a t i o n ,  tab- 
u l a t e d  and p l o t t e d  outputs  of bo th  w a l l  temperature and h e a t - t r a n s f e r  rate 
versus  time. Neat conduction e r r o r s  i n  t h e  model s k i n  a t  any given Eoeatiow 
were minimized by us ing  t h e  da t a  obta ined  a t  t he  e a r l i e s t  poss ib l e  time 
a f t e r  t h e  model c l ea red  the  tunne l  boundary l a y e r  i n t o  the  f r e e  stream, 
This minimum time was inf luenced  p r imar i ly  by the  combined e f f e c t s  of the 
model m a t e r i a l  response time (about 0 . 1  second) and t h e  model t r a n s i t  
time (dependent on model a t t i t u d e )  through t h e  tunnel  boundary l aye r .  
A s  would be  expected,  heat-conduction e f f e c t s  were gene ra l ly  l i m i t e d  t o  
reg ions  wi th  smal l  r a d i i  of curva ture  where l a r g e  temperature g r a d i e n t s  
were p re sen t ,  such a s  t h e  fuse lage  nose, wing leading  edges,  and t a i l  
lead ing  edges. 

To provide a convenient r e f e rence ,  the  measured hea t ing  r a t e s  were 
normalized by t h e  t h e o r e t i c a l  s tagnat ion-poin t  hea t ing  r a t e  f o r  a sphere 
( r e f e rence  6 ) ,  4s, wi th  a r ad ius  equ iva l en t  t o  0.305-meter ( 1  f o o t )  on 

t h e  f u l l - s c a l e  vehic le .  The va lue  of f o r  each run ( ~ ~ ~ e n d i x  B) was s 

eva lua ted  f o r  t h e  measured wind- tunnel  t e s t  condi t ions .  The w a l l  temp- 



e r a t u r e  used f o r  t h e  c a l c u l a t i o n  of { was t h a t  f o r  a  fuse lage  nose theme- 
s 

couple when t h e  model reached the  tunnel  c e n t e r l i n e .  Therefore,  the sphere 
w a l l  temperature was gene ra l ly  h igher  than t h e  model temperatures d e t e m i n e d  
a t  t he  e a r l i e r  t imes when t h e  model hea t ing  r a t e s  were evaluated.  However, 
t h e  h ighe r  sphere  temperature gave a  sma l l e r  va lue  of { and thus a. larger,  

S 

o r  more conserva t ive ,  va lue  f o r  t h e  hea t ing- ra te  r a t i o ,  BIQs. Phis e f f ec t  

was usua l ly  l e s s  than 10 percent  and wi th in  t h e  experimental  accura.ey, The 
es t imated  maximum e r r o r  i n  t h e  hea t ing - ra t e  r a t i o ,  B/Gs, is  - + 10 percent 

f o r  I 0 .  and - + 0.002 f o r  6w/(1s < 0.01. 

The c a l c u l a t i o n s  of bo th  t h e  re ference  sphere  hea t ing  and the Reynolds 
number included t h e  use  of Keyes' equat ion f o r  v i s c o s i t y  ( see  re ference  71, 
and t h e  co r r ec t ions  of re ference  8 f o r  c a l o r i c a l l y  imperfect ,  t h e m a l l y  
p e r f e c t  gas .  

MODIFIED SWEPT-CYLINDER THEORY 

Laminar heat-  t r a n s f  e r  d a t a  obta ined  on the  c e n t e r l i n e  of the  body 
windward s u r f a c e  a t  angle  of a t t a c k  a r e  l a t e r  compared wi th  p red ic t ions  
us ing  i n f i n i t e  swept-cylinder theory ( re ferences  9 and 10) modified t o  
account f o r  t h e  d i f f e r e n c e  i n  cross-flow v e l o c i t y  g rad ien t  between the 
a c t u a l  body and a  cy l inder .  

A r a t i o  of  the  h e a t - t r a n s f e r  r a t e  f o r  t h e  symmetry o r  s t agna t ion  
l i n e  of t he  windward s u r f a c e  a t  any l o c a l  angle  of a t t a c k  aR t o  t h a t  f o r  the 

r e f e rence  sphere can be  expressed by t h e  fol lowing i d e n t i t y :  

(2:) 

q c ~ l , a Q  

S u b s t i t u t i n g  express ions  from re fe rence  9 f o r  t he  f i r s t  and t h i r d  bracketed 
terms and from re fe rence  10 f o r  t he  second term, r e s u l t s  i n  

The a d i a b a t i c  w a l l  en tha lpy  f o r  t h e  s t agna t ion  l i n e  of a  swept cylinder, 
H i s  given by the  fol lowing equat ion f o r  h igh  free-stream v e l o c i t i e s  

aw ' 
( r e f e rence  9) : 

H 2 
aw = 1 - 0.15 cos aQ - 

Hi_ 



where t h e  va lue  of t h e  recovery f a c t o r  w a s  taken a s  0.85. The l a s t  
b racke ted  term i n  equat ion ( 3 ) ,  the  r a t i o  of t h e  cross-flow v e l o c i t y  gradient 
f o r  t h e  a c t u a l  body t o  t h a t  f o r  a  cy l inde r  of t h e  same dimension, can be 
ca l cu la t ed  a n a l y t i c a l l y  by t h e  method of i n t e g r a l  r e l a t i o n s  discussed i n  
re ference  11. However, f o r  t h i s  s tudy ,  t h e  fol lowing s imple geometric 
c o r r e l a t i o n  from re fe rence  12 was used f o r  t h e  ve loc i ty-gradien t  t e r n :  

where r and % a r e  t h e  chine r ad ius  and half-width,  r e s p e c t i v e l y ,  of the 
body. 

RESULTS AND DISCUSSION 

Complete r e s u l t s  f o r  t h e  t e s t  program presented  i n  Table 111 are t ab lu la t ed  
i n  Appendix B. For each run, t hese  r e s u l t s  inc lude  both t h e  w a l l  ten?&perature, 

TkJ, 
and t h e  hea t ing- ra te  r a t i o ,  %/is, f o r  each s p e c i f i e d  thermocouple laca- 

t i o n  on t h e  model, and the  p a r t i c u l a r  t e s t  condi t ions  f o r  t h e  run. 

Representa t ive  hea t ing - ra t e  d i s t r i b u t i o n s  f o r  t h e  body, wing, and twin 
v e r t i c a l  t a i l s  w i l l  b e  presented  and d iscussed  f o r  t h e  en t ry  angle-of attack 

0 
range from 15 t o  53'. Corresponding e s t ima te s  of t h e  r a d i a t i o n  equi l ibr ium 
s u r f a c e  temperatures f o r  t h e  f u l l - s c a l e  v e h i c l e  a t  peak hea t ing  r a t e  along a 

0 
t y p i c a l  t r a j e c t o r y  wi th  t h e  v e h i c l e  a t  a=30 w i l l  a l s o  be  given f o r  r e f e rence ,  

2 2 For t h i s  t y p i c a l  t r a j e c t o r y ,  6 =68l  KW/m (60 B t u / f t  -sec) and ~ = 0 . 8 ,  As 
previous ly  mentioned, t he  t e s  t S ~ e y n o l d s  number of 1 x l o 6  corresponds to 
t h e  va lue  f o r  t h e  f u l l - s c a l e  v e h i c l e  n e a r  peak hea t ing .  

Body 

Body h e a t i n g  d a t a  f o r  t h e  bottom c e n t e r l i n e ,  t h e  top c e n t e r l i n e ,  t h e  
s i d e  (Q)% l oo0 ) ,  and va r ious  c ros s  s e c t i o n s  a r e  presented  i n  f i g u r e s  Is t o  
6 ,  7 ,  8, and 9 j r e spec t ive ly .  

Bottom c e n t e r l i n e , -  Beat ing r a t e s  f o r  t he  bottom c e n t e r l i n e  of the body 
a t  a = 15O, 3oU, and 53' a r e  p l o t t e d  i n  f i g u r e  4 f o r  Reynolds numbers between 
1 x l o 6  and 7 x lo6.  A s  p rev 'ous ly  mentioned, t h e  maximum Reynolds number for ti a = 53' was l i m i t e d  t o  4 x 10 . The d a t a  f o r  t h e  low Reynolds numbers appear 
t o  be  laminar  f o r  a l l  t h r e e  angles  of a t t a c k .  However, t h e  d a t a  f o r  the  
h ighe r  Reynolds numbers show an i n c r e a s e  i n  h e a t i n g  wi th  an inc rease  i n  
Reynolds number, i n d i c a t i n g  t h a t  t r a n s i t i o n  t o  t u rbu len t  boundary-layer f low 
occurs .  These e f f e c t s  a t  t h e  h ighe r  Reynolds number could b e  influerkced by 
t h e  i n t e r a c t i o n  of t h e  wing-body shock l a y e r  w i th  the  body boundary lager 
( see ,  e .g . ,  r e f e rence  13)  and by t h e  b o a t t a i l i n g  of t h e  body s u r f a c e  starting 
a t  about  x/L = 0.8. I n  a d d i t i o n ,  s u r f a c e  roughness e f f e c t s  on boundary-layer 
t r a n s i t i o n  must be  considered (see re ference  3) .  Fu r the r  d i scuss ion  of t ran-  
s i t i o n  r e s u l t s  i s  given l a t e r  i n  t h i s  s e c t i o n .  



A t  each angle of a t t a c k  shown i n  f i g u r e  4,  t h e  laminar hea t ing  r a t e s  
decrease wi th  d i s t ance  from the  s t agna t ion  region,  remain r e l a t i v e l y  cons tan t  
over t h e  f l a t  po r t ion  of t he  body, and then decrease a t  x/L g r e a t e r  than 0,8 
where the  body b o a t t a i l i n g  occurs.  P red ic t ions  of t h e  laminar hea t ing  rates 
ahead of t h e  wing by modified swept-cylinder theory ( i .  e. , equat ions  Q3), 
(4) ,  and (5 ) )  a r e  shown f o r  each angle  of a t t ack .  The p red ic t ed  values agree 
w e l l  wi th  t h e  d a t a  except  f o r  t he  noze s t agna t ion  region ahead of x/L=O,L, 
As  would be  expected, t h i s  two-dimensional theory underpredic t s  the  
hea t ing  i n  t h e  three-dimensional s t agna t ion  region of t h e  body nose. The 
theory a l s o  underpredic t s  t h e  laminar  h e a t i n g  i n  t h e  wing reg ion  a f  the 
body where t h e  complex three-dimensional flow f i e l d  i s  no t  adequately 
modeled by the  theory.  

Figure 5 i s  a  summary p l o t  of f i g u r e  4 t o  show more c l e a r l y  t he  
i n c r e a s e  i n  laminar  hea t ing  on the  bottom c e n t e r l i n e  of t h e  body with 
i n c r e a  i n g  angle  o a t t a c k .  The d a t a  from f i g u r e  4 f o r  Reynolds numbers between f5 1 x 10 and 4 x 10 a r e  p l o t t e d  i n  f i g u r e  5 f o r  a=1509 30°, %d 53'. 
The da t a  a r e  laminar  except  f o r  t h e  l a s t  body s t a t i o n  a t  a=53 where, as 
previous ly  shown i n  f i g u r e  4, Reynolds-number e f f e c t s  t y p i c a l  of boundary- 
l a y e r  t r a n s i t i o n  occurred. 

To f u r t h e r  i l l u s t r a t e  t h e  e f f e c t  of angle  of a t t a c k  on t h e  body baundary- 
l a y e r  t r a n s i t f o n  and hea t ing ,  hea t ing  r a t e s  f o r  t h e  b ~ t t o m  c e n t e r l i n e  o f  

0 
t h e  body a r e  p l o t t e d  i n  f i g u r e  6 f o r  a=15', 20°, 25', and 30 a t  a nominal 

6 Reynolds number of 7 x  10 . For each angle  of a t t a c k ,  t h e  inc rease  i n  hea t ing  
which starts between x/L=0.5 and 0.6 i s  c h a r a c t e r i s t i c  of t h e  beginning 
of boundary-layer t r a n s i t i o n .  The combination of angle  of a t t a c k  and body 
b o a t t a i l ,  s t a r t i n g  a t  about  x/L=0.8, have a  pronounced e f f e c t  on the  bound- 
ary- layer  t r a n s i t i o n .  The hea t ing  d a t a  f o r  a l l  x/L l o c a t i o n s  i n d i c a t e  an  
o rde r ly  t r end  of increased  hea t ing  wi th  increased  angle  of  a t t a c k ,  except  

0 
f o r  x/L g r e a t e r  than 0,6 a t  a=25'. The anomaly a t  a=25 i s  n o t  f u l l y  
understood. 

Reference 3 inc ludes  f u r t h e r  d i scuss ion  of t h e  t r a n s i t i o n  r e s u l t s  
from t h i s  s tudy and t h e i r  comparison wi th  va r ious  t r a n s i t i o n  c r i t e r i a  
proposed f o r  space s h u t t l e  des ign .  

Top Center l ine , -  Previous t e s t s  ( see  r e f .  4) i n d i c a t e  t h a t  complex 
t h r e e  dimensional flow f i e l d s ,  conta in ing  sepa ra t ion  reg ions  and varticies, 
occur over t h e  leeward su r f aces  of t h e  v e h i c l e  a t  ang le  of a t t a c k ,  These 
flow f i e l d s  which a r e  p a r t i c u l a r l y  s e n s i t i v e  t o  angle  of a t t a c k  and 
Reynolds number, can induce s i g n i f i c a n t  e f f e c t s  on leeward hea t ing ,  as the 
fol lowing d a t a  w i l l  i n d i c a t e .  

The e f f e c t s  of angle  of a t t a c k  and Reynolds number on leeward hea t ing  
f o r  t h e  top  c e n t e r l i n e  of t he  body a r e  shown i n  f i g u r e  7. O f  p a r t i c u l a r  
i n t e r e s t  a r e  t h e  r e l a t i v e l y  h igh  hea t ing  (4 /; %.04) near  t h e  nose f o r  

W S 



0 
a = 15 t h e  r e l a t i v e l y  l a r g e  inc reases  i n  hea t ing  a t  t h e  canopy f o r  

0 0 64 
a = 15 and 30 , t h e  minimal i nc rease  i n  canopy hea t ing  f o r  a= 53 , and 
t h e  o v e r a l l  e f f e c t  of Reynolds number v a r i a t i o n  on t h e  top-center l ine  
hea t ing .  A t  a= 15O, t h e  h ighes t  hea t ing  i n  t h e  nose reg ion  occurs  a t  the  
lowest Reynolds number probably because an inc rease  i n  Reynolds number 
enables  t h e  flow t o  expand f u r t h e r  around t h e  nose be fo re  i t  s e p a r a t e s ,  

0 0 The inc reases  i n  canopy hea t ing  a t  a = 15 and 30 a r e  caused by the sep- 
a r a t i o n  v o r t i c i e s  impinging on t h e  canopy, whi le  t h e  minimal i nc rease  

0 i n  canopy hea t ing  a t  a = 53 i s  probably caused by flow sepa ra t ion ,  The 
i nc reases  i n  t h e  magnitude of t h e  hea t ing  wi th  inc reas ing  Reynolds number 
occur i n  reg ions  of vo r t ex  impingement. This  occurs  a t  t h e  canopy and 

0 behind i t  f o r  a = 15 , i n  t h e  nose reg ion  and a t  t h e  canopy f o r  a: - 30', 
and i n  t h e  nose reg ion  f o r  a = 53'. Thus t h e  vo r t ex  in f luence  on heating 

0 0 
decreases  wi th  inc reas ing  angle  of a t t a c k .  For a = 30 and 53 , t h e  
hea t ing  i s  low behind the  canopy, where t h e  flow is  sepa ra t ed ,  and no 
s u b s t a n t i a l  changes occur wi th  inc reas ing  Reynolds number. However, 

0 t h e r e  a r e  some i n d i c a t i o n s ,  p a r t i c u l a r l y  a t  a=53 , of decreases  in heacing 
with  inc reas ing  Reynolds number. 

Side (0 ; 1 0 0 ~ ) ~ -  The e f f e c t  of s i d e s l i p  ang le ,  B , on t h e  body s i d e  

0 
hea t ing  f o r  a = 15O, 30°, and 53 i s  shown i n  f i g u r e  8 f o r  nominal Reynolds 

6 numbers of 1 x 10 and 4 x l o 6 .  Heating-rate d a t a  f o r  t h e  thermocouples 
0 l oca t ed  along t h e  l e f t  s i d e  (windward f o r  =-5 ) a t  a  body c i r cumfe ren t i a l  

0 
ang le ,  0,  of approximately 100 (see  t a b l e  I and f i g .  3) a r e  p l o t t e d  
ve r se s  x/L. There i s  a  s i g n i f i c a n t  i nc rease  i n  t h e  s i d e  hea t ing  for 

0 
t h e  s i d e s l i p  i nc rease  from 0 t o  5O, except f o r  t h e  region above the wing 

0 a t  a = 53 which, a s  shown i n  r e f e rence  4 ,  i s  i n  separa ted  flow. For  the 
given t e s t  cond i t i ons ,  t h e  e f f e c t s  of changes i n  angle  of a t t a c k  on the 
s i d e  hea t ing  forward of t h e  wing, where t h e  flow i s  a t t a c h e d ,  a r e  insig- 

0 0 
n i f i c a n t  f o r  both B = 0 and-5 . However, t h e  s i d e  hea t ing  above theo 
wing decreases  wi th  inc reas ing  angle  of a t t a c k  f o r  both B = 0' and -5 
because t h e  s i d e  a t  t h i s  s t a t i o n  i s  sh i e lded  more from t h e  flow by the  
wing a t  h igher  angles  of a t t a c k .  Also, t h e r e  a r e  no s i g n i f i c a n t  e f f e c t s  
of Reynolds number on t h e  s i t e  hea t igg ,  except f o r  above t h e  wing a t  
a = 15' and 30°, A t  a = 15 and 30 , t h e  flow s e p a r a t e s  on top  of the  
wing and impinges along t h e  body s i d e  ( see  r e f .  4 ) .  With inc reas ing  s i d e -  
s l i p ,  t h e  ex t en t  of t h e  flow impingement along t h e  s i d e  inc reases  and t he  
s i d e  hea t ing  inc reases  wi th  inc reas ing  Reynolds number'. 

Cross s ec t ions . -  Heating d i s t r i b u t i o n s  f o r  body c r o s s  s e c t i o n s  a t  
0 

x/L=O. 2 ,  0 .4 ,  and 0.6 a r e  p l o t t e d  i n  f i g u r e  9 f o r  1 = 0 and a = 15', 
300, and 53' a t  a  nominal Reynolds number of 1 x PO . The da t a  a r e  p l o t t e d  
ve r sus  @ around theobody from t h e  bottom c e n t e r l i n e  (@ = 0') t o  t h e  top 
c e n t e r l i n e  (@ = 180 ). Two of t h e  c ros s  s e c t i o n s  ( a t  x/L = 0.2 and 0,4j 
a r e  forward of t h e  wing, whi le  t h e  t h i r d  one ( a t  x/L = 0.6) i s  just aft 
of t h e  wing-body junc ture .  The d i f f e r e n c e s  between t h e  high hea t ing  rates  
f o r  t h e  windward s u r f a c e  and t h e  r e l a t i v e l y  low hea t ing  r a t e s  f o r  the snde 
and leeward su r f aces  a r e  ev ident  from t h i s  f i g u r e .  Also apparent  a t  



x/L = 0.6 i s  t h e  chine hea t ing  which i s  s i g n i f i c a n t l y  h igher  than the 
corresponding bot tom-center l ine hea t ing .  A s  was a l s o  shown i n  f i g u r e  8 ,  
t h e  s i d e  hea t ing  (@ % 100') forward of t h e  wing (x/L = 0.2 and 0-4) i s  
r e l a t i v e l y  unaf fec ted  by angle-of-at tack changes, whi le  above t h e  wing 
(x/L = 0.6) it decreases  wi th  inc reas ing  ang le  of a t t a c k .  I n  a d d i t i o n ,  

0 a t  a = 15 , t h e  bot tom-center l ine and s i d e  hea t ing  r a t e s  have comparable 
magnitudes. 

Wing 

Wing hea t ing  d a t a  f o r  t h e  bottom and top  s u r f a c e s  a r e  presented 
i n  f i g u r e s  10 t o  14 and 15 t o  17 ,  r e spec t ive ly .  

Bottom su r face . -  Chordwise hea t ing  d i s t r i b u t i o n s  on t h e  wing bottom 
0 s u r f a c e  f o r  a = 15", 30°, and 53 a r e  given i n  f i g u r e s  1 0 ,  11, and 12; 

r e s p e c t i v e l y ,  f o r  t h r e e  semispan l o c a t i o n s .  The hea t ing  is  h ighes t  
over t h e  leading-edge reg ion  of t h e  wing, except f o r  t h e  a r e a s  with 
apparent  Reynolds number e f f e c t s  a t  a = 15' and 53'. A t  t h e s e  two 
angles  of a t t a c k ,  t h e r e  a r e  a r e a s  where t h e  hea t ing  inc reases  wi th  
inc reas ing  Reynolds number, thus  i n d i c a t i n g  t h e  p o s s i b i l i t y  of boundary- 
l a y e r  t r a n s i t i o n  and/or  t h e  e f f e c t s  of t h e  complex flow over  the wiag 
wi th  wing-body shock i n t e r a c t i o n s .  Reynolds-number e f f e c t s  on the 
hea t ing  were a l s o  apparent  on t h e  body c e n t e r l i n e  a t  t h e s e  two angles 
of a t t a c k .  A t  a = 30°, t h e  e f f e c t  of Reynolds-number v a r i a t i o n  on the 
hea t ing- ra te  r a t i o s  i s  n e g l i g i b l e ,  i n d i c a t i n g  t h a t  t h e  flow was prob- 
ab ly  laminar.  However, i t  was previous ly  shown t h a t  a t  t h e  h ighes t  
Reynolds number, 7.24 x l o 6  boundary-layer t r a n s i t i o n  occurred on the 
body c e n t e r l i n e  f o r  t h i s  ang le  of a t t a c k .  Therefore,  a t  t h i s  ang le  of 
a t t a c k ,  boundary-layer t r a n s i t i o n  apparent ly  d id  no t  occur uniformly 
ac ros s  t h e  bottom sur face .  For a l l  t h r e e  angles  of a t t a c k ,  t h e  laminar 
hea t ing  r a t e s  f o r  40-percent chord and a f t  have about t h e  same magnitude 
a s  those  along t h e  body c e n t e r l i n e  i n  t h e  wing reg ion  from x/L = 0-5 t o  
1.0.  

Spanwise hea t ing  d i s t r i b u t i  n s  on t h e  wing bottom s u r f a c e  for 2 8 8 
nominal Reynolds number of 1 x 10  a r e  given i n  f i g u r e  1 3  f o r  a = 15 , 
30°, and 53'. The h igh  l e v e l s  and s i g n i f i c a n t  spanwise v a r i a t i o n s  sf 
t h e  wing hea t ing  i n  t h e  leading-edge reg ion  a r e  q u i t e  apparent .  These 
g ive  some i n d i c a t i o n s  of t h e  complex flow over t h e  wing. Addi t iona l  
measurements would be requi red  t o  show t h e  d e t a i l e d  spanwise variations 
i n  t h e  hea t ing  f o r  va r ious  chord loca t ions .  A s  was a l s o  shown i n  
f i g u r e s  10  t o  12 ,  t h e  hea t ing  l e v e l s  f o r  40 and 80 percent  chord have 
about t h e  same magnitude a s  t hose  along t h e  body c e n t e r l i n e  i n  the  wiag  
region.  

The e f f e c t s  of e levon d e f l e c t i o n s  on t h e  wing bottom-surface 
hea t ing  a r e  shown i n  f i g u r e  1 4  f o r  a = 15' and 30'. Def lec t ing  the 
elevons i n t o  t h e  flow causes marked inc reases  i n  t h e  hea t ing  on the  
elevons. The laminar and t u r b u l e n t  e s t ima te s  of t h e  elevon hea t ing  



r a t e  f o r  fu l ly-a t tached  flows assuming wedge p r o p e r t i e s  a t  t h e  boundary- 
l a y e r  edge a r e  a l s o  presented i n  f i g u r e  14. The wedge angle  was taken 
a s  t h e  i n c l i n a t i o n  angle  of t h e  l o c a l  s u r f a c e  r e l a t i v e  t o  t h e  f r ee -  
s t ream d i r ec t ion , and  f o r  t h e  t u r b u l e n t  e s t ima te s ,  t h e  flow was assumed 
t o  be  tu rbu len t  from t h e  wing l ead ing  edge. A t  a = 15' and f o r  no 
elevon d e f l e c t i o n ,  t h e  hea t ing  d a t a  a t  t h e  h ighes t  Reynolds number, 6 
6 x  10 , suggest  t h a t  t h e  flow becomes tu rbu len t  ahead of t h e  elevon,  
Addi t iona l  evidence of t h i s  i s  t h e  absence of a  s epa ra t ion  reg ion  
ahead of t h e  de f l ec t ed  elevon f o r  t h e  oi l - f low p a t t e r n s  of r e f e rence  4 
a t  t h i s  high Reynolds number. For both a =15O and 30°, t h e  d a t a  f o r  
t h e  d e f l e c t e d  elevons a t  t h e  lower Reynolds numbers l i e  above t h e  
a t t ached  laminar e s t ima te s  and can,  wi th  inc reas ing  Reynolds number, 
approach o r  exceed t h e  es t imated  tu rbu len t  l e v e l s ,  even though t h e  
d a t a  f o r  t h e  undeflected elevons a r e  no t  t u rbu len t .  These e f f e c t s  are 
probably caused by flow sepa ra t ion  ahead of t h e  d e f l e c t e d  elevon with 
reattachment near  t h e  measurement s t a t i o n  and/or  by streamwise vorticies 
on t h e  wing s u r f a c e  ( see  r e f .  4 ) .  

Top sur faces . -  Chordwise h e a t i n g  d i s t i r b u t i o n s  on t h e  wing t a p  
0 

s u r f a c e  f o r  a = 15O, 30°, and 53 a r e  given i n  f i g u r e s  1 5 ,  1 6 ,  and 1 7 ;  - 
r e s p e c t i v e l y ,  f o r  fou r  s k m i s  an l o c a t i o n s .  For t h e  t h r e e  inboard 
semispan l o c a t i o n s  a t  a = 15 and 30°, t h e  hea t ing  i s  h ighes t  over the  
leading-edge reg ion  of t h e  wing where, a s  shown i n  r e f e rence  4 ,  the 
flow i s  a t t ached .  The hea t ing  r a t e s  decrease  f u r t h e r  back on t h e  wing 
where t h e  flow i s  separa ted .  The l a r g e  f l u c t u a t i o n s  i n  hea t ing  a t  the 
outboard semispan l o c a t i o n  a r e  probably caused by flow i n t e r f e r e n c e  
from t h e  wing-tip v e r t i c a l  t a i l .  The sepa ra t ion  l i n e  on top  of the 
wing moves toward t h e  l ead ing  edge wi th  inc reas ing  ang le  of a t t a c k  
u n t i l  t h e  flow sepa ra t e s  a t  t h e  l ead ing  edge (see  r e f .  4 ) .  A t  a = 53', 
t h e  r e l a t i v e l y  low hea t ing  l e v e l s  f o r  t h e  top  of t h e  wing suggest  that 
t h e  flow separa ted  a t  t h e  l ead ing  edge. The h igh  hea t ing  f o r  t he  two 
inboard semispan l o c a t i o n s  a t  h igh  Reynolds number might be  caused by 
v iscous  i n t e r a c t i o n s  along t h e  wing-body junc tu re  ( s ee  r e f .  13). A t  
t h i s  high angle  of a t t a c k ,  i n t e r f e r e n c e  e f f e c t s  from t h e  v e r t i c a l  
t a i l s  on t h e  wing hea t ing  a r e  minimal compared t o  those  a t  t h e  Bower 
ang le s  of a t t a c k .  The complex flow f i e l d s  over t h e  wing a r e  no t  f u l l y  
understood and r e q u i r e  more s tudy.  

Twin v e r t i c a l  t a i l s . -  The hea t ing  d a t a  obtained f o r  t h e  twin 
v e r t i c a l  t a i l s  was l i m i t e d  because only f i v e  thermocouples were avail-  
ab l e .  One r e s u l t  t h a t  i s  presented h e i e  i s  t h e  e f f e c t - o f  rudder deflec- 
t i o n  on t h e  rudder hea t ing .  Heating d a t a  f o r  t h e  outboard s u r f a c e  of 
t h e  rudder a t  70 percent  exposed he igh t  of t h e  v e r t i c a l  t a i l  a r e  plotted 

0 
i n  f i g u r e  18 f o r  a = 15 and 30'. The given l o c a t i o n  on t h e  rudder  is 
above t h e  rudder hinge l i n e  on t h e  v e r t i c a l  t a i l  ( see  t a b l e  I and f i g ,  3 
( c ) ) .  Def lec t ing  t h e  rudder outboard i n t o  t h e  flow inc reases  t h e  heating 
on t h e  rudder sur face .  However, f o r  t h e  given rudder l o c a t i o n  and tes t  
cond i t i ons ,  t h e r e  i s  no s i g n i f i c a n t  e f f e c t  of Reynolds number v a r i a t i o n  
on t h e  rudder hea t ing  wi th  o r  without  rudder d e f l e c t i o n s .  



CONCLUDING REMARKS 

Aerodynamic hea t ing  d i s t r i b u t i o n s  on a  space  s h u t t l e  delta-wing 
o r b i t e r  model were obta ined  f o r  var ious  angles  of a t t a c k  and Re noLds i: numbers a t  a  free-stream Mach number of 7 .4 .  For a = 15' t o  53 , the  
laminar hea t ing  f o r  the bottom c e n t e r l i n e  of t h e  body forward of the wing, 
except  f o r  t h e  nose s t a g n a t i o n  reg ion ,  were p red ic t ed  w e l l  by modified 
swept-cylinder theory. Usual ly,  the  e f f e c t  of i nc reas ing  angle  of 
a t t a c k  was t o  i nc rease  the  hea t ing  on t h e  windward s u r f a c e s  and decrease 
t h e  h e a t i n g  on the  leeward s u r f a c e s  where flow sepa ra t ion  occurred,  On 
t h e  windward su r f aces  of t h e  body and wing, i nc reas ing  Reynolds number 
caused inc reases  i n  hea t ing  on the  a f t  po r t i ons  of t hese  s u r f a c e s ,  an. 
e f f e c t  which i s  be l ieved  t o  i n d i c a t e  boundary-layer t r a n s i t i o n  from 
laminar t o  t u rbu len t  flow. A t  some l o c a t i o n s  on t h e  windward su r f ace  
of the  wings, however, complicat ions of wing-body i n t e r f e r e n c e  e f f e c t s  
apparent ly  a l s o  caused the  hea t ing  t o  i n c r e a s e  with inc reas ing  Reynolds 
number. S imi la r  t r ends  were observed i n  reg ions  where r ea t t ach ing  f l o w  
occurred,  such a s  on the  canopy. Inc reas ing  s i d e s l i p  angle  (windward) 
and d e f l e c t i n g  c o n t r o l  s u r f a c e s  (elevon and rudder)  caused marked in-  
c r eases  i n  hea t ing  on the  body s i d e  and t h e  con t ro l  su r f aces ,  r e spec t ive ly ,  



APPENDIX A 

NAR 134B DELTA-WING ORBITER 

DIMENS ION& DATA 



TABLE A-I. - BODY FOR DELTA-WMG GRBITER 

-7--- 
-- - 

Edodel. Scale = 0 .& 
__.^ -------- 

Length 

I.izx. C!idth 

Max, Ilcpth 

Finctic~s Ratio 

Area: a"t2 

Max. Cross-Sectional 

P l anf orm 

Wetted 

Base 

MODEL S C P , t E  -- -- 
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TABLE A-II. - WING FOR DELTA-VVING ORBITER 

MODEL COMPONENT: -./:nz :I1 5 re'"?; 
\*.9p 

GENERAL DESCRIPTION: 2- sic d,:? t3 vine ci-.l"inecl by I? ;i.;nes fir?;ijn,c- g3$ '? -4> ' -~1e  

Model Scale = 0.006 

DFAWING NUMBER: 93?2--134r; ,- ; ;-?01;-3, -9, -1 0 ,  -I 1 , -1 2 

DIMENSIGNS: --- 
TOTAL DATA 

3 Area, 2tC- 

FULL-SCALE ---- MODEL SCALE 

~1 anfonn 5740. --- 9*7,?LC 
Wetted 

Span ( equ iva l en t ) ,  in. 7 3:;iL rt: -- 
Aspect Rat io 
Rate of Taper 1.719- -...,...-- LlSg 
Taper Rat io 0.235 n #.-- 

- 
Di ehedra l  Angle, degrees - 7.; 
Inc i  dence Angl e , dey r ees  0.0 --- 6, C 
Aerodynamic Twist ,  dzgrees (~~,out T.E.) -7.0 C 

Incide:nce, R o o t  (3.:. ~ ; ~ O . C U )  0 ,  G - 
Incidmce, TT (E.:-'. ~ i * ; ' ~ f ; )  -5 , t ;  -- -a,! 

Sweep Back Ang e s ,  d e g k s  
Leading Edge 60.0 63-c 
T r a i l i n g  Edge 0.6 
0.25 Element Line 52.20 

Chords: in .  
Root (Wing S t a .  0 .0 )  1231 -77 - L?(?IL 
T i p ,  ( e q u i v a l e n t )  (W.S. 546.07) 293.30 A T % -  
MAC (w.s. 217.00) 873.72 
Fus. S t a .  o f  .25 MAC 1477.97 
W.P. of  .25 f44C 45.90 
13.1. of  .z5 MAC 21 5.39 1,232 

Air fo i  1 Sec t ion  - 
%'I."'  ROO^ ( vie 3. 241 .So) . a,,.i coag-64 

Tip (kr.S. 546.06) P,TI;C-~ ocu 2-6L: 
EXPOSED DATA 

Area, f t 2  2377 13 
Span, ( e q u i v a l e n t ) ,  in .  T i T % r  
Aspect Rat io 1 * <?C 

Taper Rati  o c,, 37: 
Chords: i n .  

223.2'7 
2a3.CIc 

i:q 

Fus. S t a .  o f  .25 MAC 
W.P. of .25 MAC 

' B . L .  o f  .25 MAC 36k. 47 
? . . ~ ~ d i n g  Edge 2.llclr 

Planfor-: k e a ,  ft2 
L. E. In te rsech  Fus. t4L at Sta., in. 
L+. E. 1nte:-secrs Wing MIL (st Sta. , in. E7.81) 8 1!4+-(' -- -- 



TABLE A-UCE. - ELEVON FOR DELTA-WmG ORBITER 

MODEL COMPONENT: Elevon - E5 ---- 

GENERAL DESCRIPTION: Elevon used on W15 of 6e l tn  wing orb i te r  as r:e- 

r;lR 9992-134~ l i n e s  drawing. 

--- 
NODEL SCALE = 0.00$ 

DRAWING NUMBER: 9992-134~; s -94 -11, -12 

DIMENSIONS: - 

Area, ft2 

Span (equivi ; l  ent) ,  in .  

FULL-SCALE MODEL SCALE -- 

I n b ' d  e q u i v a l e n t  chord ,  I,, 251.57 a e 599 
(w.s, 218.72) pp- 

O u t b ' d  eequi v a l e n t  chord7 in. 152.13 0 , 913 ---- 
(hr.s. 527.07) 

R a t i o  movable s u r f a c e  chord/ 
t o t a l  s u r f a c e  c h o r d  

A t  I n b ' d  e q u i v .  c h o r d  

A t  O u t b ' d  e q u i v .  cho rd  

Sweep Back Angles  , d e g r e e s  

Lead ing  Edge 

T a i l i n g  Edge 

Hinge1 i n e  

Area  Moment (Normal t o  h i n g e  l i n e ) ,  f t 3  7604.889 



TABLE A-IV. - VERTICAL TAIL FOR DELTA-WING ORBITER . . 

MODEL COMPONENT: V e r t i c a l  mail - :,q5 

GENERAL DESCRI PTION : Twin v e r t i c n l  t z i l  rnneis of del tr?  w i n ;  (rbiter. The 

rsnels EI'S ~, t . t , eched  t o  :ring J15. ?.sic yc;o~.etr:! i s  defined 21 !Jn lines 

MODEL SCALE = 0.006 

DRAWING NUMBER: 

DIMENSIONS: 

9992-1 343; 3-904-21, -25 

FULL-SCALE 

TOTAL DATA (2at.s f o r  I of 2 s i d a s  
in v e r t i c a l  t s i l  rcferknce pions) 

C Area , ftd 
Pl anf om 
Wetted 

Span (equivalent), in .  
Aspect Ratio 
Rate of Taper 
Taper Ratio 
Di ehedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 

T3/3S Toe-In Angle, deg 
Cant Angle , (5op 9utbtd), degrees 
Sweep Back Angles, degrees 

Leading Edge 
Trai 1 i ng Edge a '  

0.25 Element Line '- 8 
Chords : in. 

Root (g*?. 77-23) 
T i p ,  (equivalent)(w.~. 362.30) 
MAC (w.P. 188.12) 
Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoi 1 Section 
Root 
T i  p =' $ 1  

EXPOSED DATA I 

Are a 
Span, (equivalent) 
Aspect Ratio 
Taper Ratio 
Chords 

Root 
Tip 
MAC 
Fus. Sta .  of .25 MAC 
W.P. of .25 MAC 
B.L .  of .25 MAC 

MODEL SCALE 



TABLE A-V. - RUDDER FOiI DELTA-WING OWTTE 

MODEL COMPONENT : Rudder 1 5  ,- 

GENERAL DESCRIPTION: Rudder I ? E . ~ Z  cn '.?I5 Q; d.elt.s ;in.z orbiter 3~ - : ' 3~  - 
?\x 9932-1 3h2 3.: ne3 c?.r?:;lny. 

-- -- -- 

Model Scale = 0 -036 

DRAWING KUMEER: cj-)n?-y?L~ ; -;-rt' !:-zl -7r. 

DIMENSIONS: ( L ~ C :  COT 1 of 2 sides) FULL-SCALE 

Area, ft 2p.+ 

Span (equival e n t l  i n .  232. 1C-. 

Inh'd equivalent chord, in .  
(ti-P. 67.37) 

Outb'd equivalent chord 
(w.P, 352,30) 

Ratio rr~ovabl e surface chord/ 
t o t a l  surface chord 

A t  Inb" equiv. chord, 

A t  Outb" equiv. chord, 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Wingel ine 

Area Moment (Normal t o  hinge l ine )  
Hingeline I'iisses Throtlgh 

Fus. Sta., in. 
B.P., in. 
J.P.,  i n ,  

and 
Fus. Sta., i n .  
B.F., i n ,  
d.F., i n .  

MODEL SCALE 



APPENDIX B 

TABULATED HEAT TRANSFER DATA 

NAR 134B Delta-Wing O r b i t e r  
NASA-Ames 3.5-ft .  HWT 

Tes t  106 Runs 1-16, 18-26, 54-60, and 66 



CHANNEL 

MACH 

PT 

QS 

QW/QS 

REL 

REYN/FT 

RSPH 

TEMP 

TT 

TWSPH 

-21- 

ADDITIONAL NOMENCLATURE FOR APPENDIX B 

recording-system channel 

f ree-s tream Mach number 

free-stream t o t a l  pressure, p s i a  

stagnation-point heat-transfer r a t e  fo r  reference 
sphere, ~ t u / f  t2-sec 

heat-transfer r a t e  a t  model wal l  f o r  given TIC 
2 location,  Btu/f t  -sec 

heating-rate r a t i o  

free-stream Reynolds number based on model reference 
length 

free-stream Reynolds number per  foot 

reference sphere radius,  0.183 cm (0.006 f t )  f o r  t e s t ,  
equivalent t o  0.305 m ( 1  f t )  f o r  ful l -scale  vehicle 

thermocouple number 

model wal l  temperature a t  given T I C  location,  K 

0 
free-s tream t o t a l  temperature, R 

0 
reference sphere wal l  temperature, R 







MACH R E Y N / F T  REL Q S  TWSPH P T  T T  RSPH t F T  ) 
7.4@ bo36E 05 6.70E 0 5  41.03 55 84 1 5 7 a  1 5 1 3 ,  Go006 

CHANNEL T / C  TEMP Q W /  Q S  CHANNEL T / C  TEMP Q k / S S  
- - 5 . 7  - - 0,112 - 1 -5LI_-_ - 54 

5 6 8 ,  0 .354 2  5  1 
3 3 561. 00 1 9 1  4 3  5 2 5 4 8 ,  0 0 0 2 4  
4 4  5 5 4 e  0 4 5 3  545,  O e Q l l  
5 5  5 5 9 .  0,127 4 5  5 4  5450 0 0 0 0 6  
6 6 5 5 2 .  0 , 0 8 8  4 6  55 5 4 4 %  0 ,902 

- - -112480 "O*U24- - - - - - 4 2--.. - 54 
8 8 549 ,  O r  0 4 0  4 8  57 
9 9 - - 4 9  5  8  5451 0.008 

1 C 10 547. 0.U 59  544 ,  0 ,004 
1 1  1 1  54Re 00 0 2 6  5  1 6 0  567 .  0 . 286  
1 2  1 2  549c  @a 5 2  6  2 546 ,  0 ~ 0 2 6  
13- - -  - --.- 1X-- - ' --5!ilL- - --- .. Qc - 5.3 -____--_t i3 545 +9l 
14 1 4  5 5 4 .  0.301 5 4  6 4  5 4 9 ,  0 .003 
1 5  1 6  5 5 2 r  OcC55 5 5  6 5  544 .  3 , 0 0 3  c 

7 66 
8 67  

1 8  19  5 4 8 .  0 ,020 58 6 8  

2 0  2 1 5  4  8s 0 0 0 1 0  6 3  70 
2 1  2 3  546.  0 , 0 0 4  6 1  7 2  550e 0 0 0 7 5  
2 o 0.030 
2 e 3 .018  
24 2 8  546. Oe 005  6 4  7 5  545  o 0 0 0  

- - - - - L L o . Q L  " - 
2 6  3 3  5 4 8 ,  0 , 0 5 5  6 6  7 7  55C. 0 0 0 7  
27 3 4  5  4 60 0 0 0 1 6  6  7 7 8  552 .  Oe088 

13 4 2  5 4 5 ,  0,009 7 3 8 5  5 6p 8 0 OoC148 
34 43 5-45 ls 01015 7 4  8ti 545, 0,023 
55 44 545e 00085  7 5  87 545, 0,1308 
345 45  
32 46 
38 47 
39 48  5 4 5 a  0,003 79 91 566 e 0 , 2 5 0  
40 4 9 5 4 4 a  0, OCl2 eSl? 42 5475, G s Q 3 8  







RUN NOn 

MACH REYN/FT R EL (3s TWSPH P T  T T R S P H ( F T 1  
7 a 4 0  3 s 6 6 E  0 6  3 a 8 8 k  0 6  1 3 5 e 9 L  405.  9780  15860 @09@6 

CHANNEL T / C  T E M P  Q W /  0s CHANNEL T / C  TEMP Oh/GS 
- . a 5 .  - -- c4 ,a Q - - 2  5  1  - - 

3 3 - - 43 5  2 5 4 5 .  O e Q 0 4  
4 4 5 86- 00193 4 4  5 3  544a  OaOO2 
5 5  5 5 0 ,  0 .041 4 5  5 4  544e Q o 9 0 2  
6 6  - - 4 6  5 5  5 4 3 .  0  a0 

- - --- O .Q 
Oc035  4 8  5  7 5 44e  0 0 0  

9 9  540 a UeC107 49  58 544.3 3 e 0 9 1  
10 10 5 4 7 ,  0.035 5Q 5 9  543 .  0 , o ~ l  
1 1  1 1  5 4 4 s  0 0 0 2 6  5  1  4C 5 8 4 .  9 .334 
1 2  1 2  . 541. O a  0 0 5  5 2  6 2  553a OeOhO 

--- ~ 3 - -  --_. -IU -- .-... --5.(c2, -_-_- _ _ _  a,aas - 52- _. u- - - - - 5 5 0 ~  ~~9 4 
1 4  1 4  5 4 6 .  0.035 5  4  6 4  5 4 7 .  (7 e n 2  
1 5  16 5430 0 0 0 1 2  5 5  6 5  546  0 C.018 -4 

I 
1 6  17 5449  9 e Q 2  5 6  66 5 5co  0.026 
17 1 8  5 4 4 .  0 .024  5  7 6 7  5470 3.015 
1 8  19 5 4 4 .  (9.0 22 5  A 6 8  5 4 5 .  0.008 

-_ _ _ 19 _ -_-__a__-___ -SSL --- --- - -asu-ls--- - - - . 59 ___-_u_ - - -..543,..- -- - ~ 3 ~ 2  
2 0  2 1  5440 00 0 0 9  4  C 7 0  5850  0 0  1 5 4  
2 1 2 3  5 4 4 .  0 .024 6 1  7 2  5650 9 0 0 9 4  
22 24  543, 0 , 0 1 9  6 2  73 5 5  10 OaQ52 
2 3  2  6  5450 GO 0 1 0  6 3  7 4  5 4 9 .  3 .029 
2 4  2 8  5 4 5 .  0.023 6 4  7 5  546 e 0 sf315 

_ 25- 12_ -545r- - .&dl26 _ -.-_ 6 2  ------- 7 6  559% -3511 
26  3 3  5 5 9 .  0 , 1 0 1  6 6  7 7  568  e 0 0 1 0  
27 3 4  5 4 4 ,  0 , 0 1 7  6 7  7 8  5 7 5  a 0.126 
2 8  3 5  5 4 3 a  0 , 0 0 1  6 8  7 9  549, 3 a Q 2 4  
29  36 5450 0 0 0 1 1  69 8 0  552r  00030 
30 37 5 4 6 ,  0 , 0 2 3  7 0  8 1 5 4 5 e  O c C I l l  

55 Q 
00 029 

3 3 4 2 5413, 09025 7 3 8 5  "?6e 00079 
3 4  +% 5 4 5 a  OaQBB 14 S$a 5 584 m 00040 
35 44  5 4 4 ,  0,0i32 7 5 131" 546, nmO1'3 

76 8 8  5 7 5 ,  QeI.36 
77 8% - --- 5 4 5 ~  Qa0%5 
78 90 551c ?%a042 

39 4 8  544, 0,005 7 9 9 1 556, Cldea176 
40 4 9 546e O a Q Q B  842 92  552  pl 0 S O 3 9  



10 4 R U N  NO. 18 

M A C H  K E Y N / F  T  R EL 
7 * 40 5.86E 06 bo21E 06 

Q S  T W S P H  P T  
115005 6220 14360 

CHANNEL T / C  T E M P  Q d / Q S  CHANNEL T / C  T E Y P  d) k /  C S  
- - .. I. - --. * - 2 -- - "21  .. .. - m- . . - - -- 5 53* b D  

2 2 - - 42 51 555. 0 a 0  
3 3 - - 43 52 5 54. 0.004 

4 6 0 1 ~  Oe 198 44 5 3 5 528 Or902 
5 563.  OQ 0 3 8  45 54 553s 0.~302 

6 6 - - 46 55 552. 9s 0 
4 ,Q 

8 a 5560 OS035 7 . c 
9 9 5 52. 00 306 49 5 8 5520 00 002 
10 L 3 559, 0,035 5 0 5 9 5520 00001 
11 1 1  555. C.026 5 1 60 597. 0.354 
12 12 ' 5 5 3 ~  00008 52 6 2 565. 0.071 

- - - - ~ 3 -  - - 1 ~ -  - -  - - -  - - 8 -  - - - - - - - - 3 - -a. ----- -- ----- 5 ~ 7  QoO-76 
14 14 561. 0,046 54 6 4 5 65 0.082 
15 115 555. 0.011 55 65 563 . 0 a050 (U 

16 17 5 5 6r Oo023 50 4 4  560. 0.027 I 

17 18 5 5 6r 00022 57 67 5 5 70 00016 
18 19 555. 0.023 8 68 5550 

9- _- - -.. 69- -- .- - 42, - -- - 
2 0 21 5 5 5. Ce 0  10 r) 70 598. 
21 23 5550 Oe017 61 72 5 7 8 0 9.099 
22 2 4 554, 9.029 62 73 5630 00 Q49 
23 26 556. 0.014 63 74 560. 0.031 
26 2 8 5550 00015 64 7 5 564. 0.046 

26  33 571, 0.108 66 77 5 810 0 ~ 1 1  
27 34 554, 0 e 0  18 67 78 5 89, 0,130 
2 8  35 552e O n C i O l  6 8  79 560,  Q , 023  
29 36 555r 0c812 69 80 563a 0 ~ 0 3 %  
3 8 37 - 90 3 1 5 548 Oe009 - 

";l 
O c  107 

3 3  4 2  5 5 %  00 0 2 8  9 3 8 5  576, 0~4897 
3 q  4 3  554, Q.0I.O 7 4  8 6  5660 Q m  967 

5 5 3 ,  0,003 7 5 8 9 562  e 0,039 
555e 6 e  009 76 8 8  587e 
56 P, Ua, 6 51 77 89 555r 
554r 0,019 78 90 563m 

3 9 4 8  558 m 0.094 79 91 598, 
40 4 9  %59r, Q e 0 2 5  8 0  92 565  aa 





RUN NO, 

M A C H  K E Y N / F T  R EL 
7e 40 8e04E 0 5  Ba 50E 65 

QS TWSPH P T  T T R S P H 4 F T  I 
56,68 5 8 2. 232, 1655 1?,006 

CHANNEL T / C  TEMP C W / Q S  CHANNEL T / C  T E M P  Q W / G S  
880 -- - - QS -9 1 1.. . - - - 3Q-. - 5 58, Q -00 - - 2 5 1 5580 O e O l  

3 3 - - 43 52 5570 00006  
4 4 572, Oe-187 44 53 557, 0,002 
5 5 5598 C.041 45 54 557, 0er)Ol 
6 6 - - 4 6  55 

_ _ - 1 - - -- .- . 7 _ -- ---. 55 7 ,-- - _ .- a,m 
a 8 555, 5 7 
9 9 5540 01008 4 9  58 5570 000132 

19 1 i3 5 5 7 c  9eO 37 50 5 9 556, D *O 
11 11 5550 0 0 0 2 5  5 1 60 5770 0 0  344 
1 2  1 2  554. 0.003 52 62 5 6C'e 3 0 0 6 3  
13 - - J-3-- - - 4  - -Q,D!U --- --- .. 53 -- - 5 5 + 03 
14 14 5 56. 00 022 5 4 64 -02 I 

1 5  1 6  555. 00 006 5 5 6 5  5 60 o 9.057 W 

16 1 7  5 55 e 0 e 0 1  56Qo Qe025  'la 
1 7  18  556, 0 0 3 2 558, 0,013 
18  1 9  5560 0 ~ 0 2 2  5 8 68 558, 0.306 

--- 19_--- --2Q_- I----1 5 5 6 ~  - -__-_-A00Q7- - - -  - - 5%- _6_9.--- -I-_X_ e - - -- - --- 
20 21 556, 0 ,006 60 70 5 850 Q o  163 
2 1 23 556. 0.019 6 1 72 566, 0.085 
22  24 5 5  64 OQ 0 1  2 7 3  560 0 3.052 
2 3 25 557. 0 ,003 6 3  7 4 5590 00033  
2 4  2 8 556, 0.016 6 4  75  561. 3,051 

3 3  5620 Co 1 0 3  06 77 5 65 0 O a  1 
27 34 557, COO16 A 7  78  5700 90124  
2 8 35 557, 0,091 68 79 558, 0,019 
2 9  36 5 57e 00007 6 9  80  557, r 3 , O l O  

3 3 4 2  5 5 8 1  0 0 0 2 5  7 3  8 5 562 e 0 e Q 7 6  
34 43 557*  C D Q P ~ ~  9 4  e~ 3 5 ~4~ o,oas 
3 5  44 5 5 7 ,  O m 0 0 1  7 5 8 7  5608 iae 6 50 
34 4 5  558. 0,097 76 88 5 6 8  e 0,%3P, 
3 7 46 5 5 7gdi Ba 008 7 7 39 5.56, Q a U B  
3 8  47 55hm O s O I l  P 8 90 5 55 r 0,966 
39  4 8  5 5 7 ,  Om066 79 9 1 579, 00  230 
40 49 5589 00 666  RC 92 5 6 5 ~  cTdog090 



M A C H  R E Y N / F T  R EL 
7e 40 3r 75E 06 3e98E 06 

61s TWSPH P T  T T  R S P H ( F T 1  
990 68 60 6a 9580 15440 0.036 

CHANNEL T / C  T E M P  QW/QS CHAKNEL T / C  TEMP Q W / Q S  
1 .--- 2 - * - -  - - kl-- sa -55 
2 - - 4 2  51 - 

3 3 - - 43 5 2 558. Oe004 
4 4 5 90, Gel91  4 4  53 5 57. 0,002 
5 5 563. 0,038 45 54 5 5 70 r)e  902 
6 6 - 46 55 556. 0 0 0  - 

__ - _ ___- - -.z --- 5420- _ - u,a 73_.- -- 554, 
8 8 5590 00033 48 57 558a OcOC3 
9 9 556. U.007 49 5 8 5570 O o  001 

10 1 G  561 a O a C 3 4  5 56, 0,001 
1 1 11 558s Oa024 5 9 9, 0.343 
1 2  12 556s 5 2 6 2 5650 0 ~ 9 6 2  

-- - - ra-. - -- - --.1-3-- - --- ~ 5 7 -  -. - - 5 3  . .. I- _ a- _-. - - 5 ~ 4  
1 4  1 4  561 =a 5 4 64 
1 5  1 6  5 5 8 ~  0,010 55 65  576. Om105 w 

I 

16 17  5 59 ,  Oe020 56 bt5 5620 Oe026 I 
I-' 

17  18 5 5 9. 6,021 5 7 6 7 560a 0.014 
1 8  19 559. Ce022 58 68 559. 0.007 

- - - - -5 5Zs.. - -  - - -  - - -  -. 5 - - ba- - -  - -- 553+- --- - L Q a l  
20 2 1 5580 Go 009 0 0 70 6 12 a 3c 165 
21 23 5590 0.0 16 6 1 72 5740 00 090 
22 2 4  55 8 e 0.018 6 2 7 3  5 64 . UeQ54 
23  26 5 580 00 009 63  74 561 8 'I ,030 
2 4  2 8 5 5 9 ,  0,014 64 75  5 8C e 00133 

3 3 571 e (2,105 66 77 5 7 7 ,  
27 3 4  559e Po017 6 7  78 582. Qel.25 
28 35 5 5 70 (3aFOL 8 79 562a Oe021 
2 9  35 559, 0,011 69 80 564e Oe025 

13 57, 3 ,  
98, ca a 

8 866 0 ,  
33 4 2 562, 0,026 73 85 5700 00080 
-, 1 

3 + 4 3  558, Cae309 74 8 6  563, O a C 4 0  
3 5 4 4 5 57e Q o O B l  75  87 5 7 2 ,  9.894 
36 45 J 19e Oe 068 76 88 58Co 0,128 rc 

37 46 56U+ 0~012 73 89 5 5 8 s  0a812 
38  4 1 4 ~ 8 8  0,011 18 30 5 5 6 ,  U e Q 0 2  br F 

3 9  4 8  5 5 9 . ~  O e  nO6 79 91 600, 3,220 
40 4 9 56Ge QeOC37 8 Q Q 2 577s R e 0 9 8  



MACH KEYN/FT REL QS TWSPH P T  T T  R S P H f F T )  
70 40 l o 0 3 E  06 l o 0 9 E  06 500 C.8 5780 250, 1582, O s O C 6  

CHANNEL T / C  TEMP QWi'QS CHANNEL T /C  TEMP QW/GS 
-1 - -  1 . _ 9 _ - -  3 -- - -- - . - 4 1 --__ - _  5Q- -- _ 5511, __ _ _ _ B dl82 
2 2 - - 42 5 1 551e 9 0 007 
3 3 - - 4 3  52 5 5 Oe 0 ~ 9 0 4  
4 4 569, 0,191 44 5 3  550, 0 eO 
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4 4 5550 00 472 44 5 3 557. C .O 
5 5 531e 00015 45 54 557a 0.001 
6 b - - 46 55 5570 0 0 0  

__. ---I 7 551).e-- - --. GL.248 -- - -  - - 4 L  _ - 56_- -  557 
8 8 5.33, 0.041 48 5 7 557 
9 9 5 300 Go010 49 58 557. 0.002 
10 10 5509 Qo 15 9 557s 0s 092 
11 11 53 5. 0.029 5 1 60 574a 00 19@ 
12 12 530. 0.0 12 52 62 566. 0 el26 

- - &3- ..--- 1 3  - - 531+.- - -LQ 3.- .. -43- --546e 
14 14 532 e 9.017 54 64 5620 0a063 
15 16 532. 0-004 55 6 5 561 e 0 1041 VI 

16 17 5314 56 6 6  556. C *O ? 
17 18 550r 57 67 556, Qe'! 
18 19 541. 58 68 557e 

2 0 2 1 5340 6 0 70 577, 
21 23 5 550 00 191 6 1 7 2 5740 30 176 
22 24 546, 9.02 2 73 5 669 Q* 132 
2 3 26 541 0.00 3 74 5 64 r 0.1CC) 
24 28 5600 00 087 64 7 5 561 e 0.041 

5 12- .-5&L0 - XL a9 5 _ - 7h-- - -  -. . 57-&+- - - 09.Li3 
6 33 5640 0.12 6 77 5750 9017 

2 9 34 5 55. 0,008 67 78 576. 0.180 
28 35 552r OD CD 
29  3 6  5510 Oe (30 

0,618 
Dda 11 
B * B 7  

3 3 47 565n  Ce085 7 3 8 5 569c 01 149 
34 4 3 558, Om000 7kp Elb 5640 Qa41C8  
3 5  44  556, 0-031 7 5 87 564 e C ) ,  04'3 
36 45 5 56e Ce0f"iB 76 88 T b i e  (1eq26 
31 46 5620 0,059 7 7 89 556, O n P C 1  
3 8 47 "s$Za, O e C 5 5  48 80 5550 O e W O 3  
39 48  5 6 4 ,  o,esl 79 9 ai 5 5 9 *  3 ,050  
4 C! 4 9  5 6+e On 0 6 3  138 92 569 m 3eQ48 



T E S T  Q0-a RUN NO. 12 

MACH REYN/F T 
7r 40 2e35E U 6  

Q S  TWSPH P T  T T  
76m21 6 6 0  o 6 0 9 ,  15560 

CHANNEL T / C  TEMP OW/WS CHANNEL T / C  TEMP Qbr/C;S 
-- 1 - -  597c--- - -- -Qe-6 51--- -- -- - "-.. 1 - -  5 - - 4 - DsO 

2 - - 4 2  5 1  543e - - 0 0 0  
3 3 4 3  5 2  5430 9.9 
4 4 5  8 4 ,  0 ,461  4 4  5 3  543.  0 , 0 0 2  
5 5  5 4 6 s  O c 0 1 5  4 5  5 4  543 .  - c'er301 
6 6 - 4 6  5 5  543e 00 0  

_ - -2- - --- --Z --- .. - - 5 1 _ Q a  4a241 5449 . O a Q O  
8 8 5 4 5 .  C o o 3 9  544 .  C' 8'303 
9 9 5 4 2 0  G0C12 4 9  5 8  5 4 4 .  00'302 

10 10 5680 oonoi  
1 1  1 1  5 4 4 .  30 188 
1 2  1 2  5 4 2 ,  OoCO8 5 2 6 2  5 6 3 .  0.128 
13 - -  - -&- -- - --543e-- --- &Q1-1- - -.. -. - .- - --. 53. - .. _6.3.--__-_._ 562+ - Qa21 
1 4  1 4  543a 000 12 5 4  6 4  5  560 00 19 
1 5  16 543.  0 o 0 0 4  55  6 5  5530 0 0 0 9 6  U, 

I 

16 17 5420  0 - 0 0  5 4 4 ,  U.00 b 
t-' 

1 7  1 8  5 6 0. Do 1 2  5 4 4  o 0 .00 
1 8  19 5450 00 9 2 4  5 8  68  5440 0 0 0 0 2  

- --.. / 9- -- - - 2C.- - - - -- 2 4 2 ,  - - 1C- 004-. -A9 -_ -_  544.c -.. - - --3&9 
2 0  2 1  5 4 3 .  OeC03 70 5 8 1  3.10 
2 1  2 3  5 5  70 U o  1 0 3  6  1 7 2  5770 0 167 
2 2  2 4  5430 Qe02 2 7 3  5 h40 06 132 
2 3 2 6  5 4 4 .  0.011 3 7 4  558a 0 0  102 
2 4  28 55  0 , 0 9 0  6 4  7 5  5540 0.115 

5- -3.2- --- --ST _ ---b5__.. Zb--. - -.-5 2 L  - - _ _ Qa 117 - 
2 6  33 5600 CB 1 2 2  66  7 7  5 7 6 0  0 , 1 6 1  
27  3 4  5 4 4 .  0 .009 6 7  7 8  5  80. r!,  175 
2 8  3 5  543s 0 , 0 0 2  6 8  7 9  543 ,  O a Q 0 2  
29  3 6  5 4 3 e  0 0 0 0 3  4 9 8 0  5 4 3  * 0 

3 3 4 2  5590 Go % 20 7 3  8 5 567, 0 e 1848 
-m # 

36-i 4 3 543e Om080 74 86 5596s Qa 1 1 2  
315 44 5 4 3 ,  O,(fQ$ 75 87 5 52 a OeCLB9 
36 4 5  544. 0*0"9% 7 h  88 5 5 0 ,  (?,030 
37 46 5 5 3, oc 063 77 ng 543 sS 3 *go2 
3 8  47 552c Cs675 7 3 90 " i 2 c  Oa 067 
39 413 55 7 ,  O e 0 5 7  49 9 S 5 540 n o 9 4 9  
4 0 49 5560 0,058 8C 9 2  551, 0 , 6 4 9  





I_EST!10, 1C6 RUN N l l o  25 

M A C H  
7.40 

QS TWSPH P T  T T  R S P H f F T )  
47.66 6038 2490 1486e OoOC6 

C H A N N E L  T / C  TEMP QW/QS CHAN'qEL T/C T E M P  Qbr/GS 
. - -58 _ - 1 4 2  - - 5 1 542 

3 3  - ... 43 5  2  542 e 0 e C  
4 4  56ze 0,456 4 4  5 3  5 4 2 ~  n s o  
5 5  546, 0.006 45 5 4  5420 0 0 0 0 1  - - 46 55 542 e 0'90 

23a _ -_ - .!!a 241- _ _ - -  - 47 -54 - 
42s 00 051 4 8  57 5420 00001 

9 9 540 e 0.009 49 58 542 e 0.001 
10  10 553, 0.159 5  0  59 542 + O c D O l  
11  1 1  5420 Or038 5  1  60  556,  0 e 245 
12 12 5 40c 01008 5 2 62  5530 O e  147 

-- k3- -- -13 - -  -..5&1, L Q 1 2  - -  53 BZ._ -. - - 55Do - Q+lQ 
1 4  1 4  541 s 0 0 0 1 1  5  4  6 4  5474 C 007 
15  16 541. Oc 002  5  5 65 546s 01042 

I 
ul 

16  17 541. 0.005 56  65  542r  0 0  DDl w 4 

17 18 5  5  0  '2.122 57 67 542 . O ,001 
18 19 543r 00(?33 58 68  542. 0 eOC1 

- - - -  - 19- L-----542c.- .. -- -. OsQEL- - -  -- - -  .. . - 5 9 4% - 542e -. 
20 2  1 542 e 0.003 6 0  7 0  5598 
2  1  2  3 5494 Oe191 6  1 72  5646 0.189 
2 2 24  542, 00026  62 7 3  554 ,  0 m 142 
2 3  26 5428 00003  63 7 4  551, O c  104 
2 4  2  8  5 4 9  e 0 ,089 64  75  547a 9,051 
5 - 32 _.. _-ZG&L- - -- -AaO%iL- 5 .- -- - -  76_-- .- - - 5hka -- - --L2Q1_ - - 
6 3  3  55363 00 11 50 66 7  7 5554 90188 

27 34 5420 0 0 0 1 4  67 78  5580 08 204 
28 35 5420 
2 9  36 5 4 2 ,  

3 P 62 5 5 0 ,  o,ow 73 8 5 sscji, (-9,170 
34 43 - - B bdi. 86 553, 7 0.118 
35 4 4  5 4 2 e  0 0 0 9 %  7 5  87 548  m 30 0 60 
3 $  45 542, O e O O l  7 6 88 550, 0,043 
37 46 546 , 0,0$0 77 89 S+Z 24. a , n o z  
33 47 544e 88040 7 81 90 541 e U ,005 
39 4 8  548e Ora-1463 963 9% 5 5 0 ,  0,856 
413 4 9  5 4 9 ,  9,068 80 92 5 4 8 ,  9c047 
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TABLE I 

TMERNIOeOUPLE LWATIONS 

DELTA-VC'ING ORBITER 

(a) BODY 

TIC NO. 0 , 
d@=g 



-57- 
TABLE I. - Concluded 

DE LTA-WING ORBITER 

(b) WING 

l e f t ,  bottom 

( c) W I N  VEitTICAL TAILS 



-58- 
TABLE II 

TKE RNIOGOUPLE CONNECTIgjN SCHEDULE 

DE LTA-WING OXBITE R 

(Test 106 : Wns 1 - 16, 18 - 26, 54 - 60, and 661 



-59- 
TABLE 111 

XUN SCHEDULE 

DE LTA-WING ORBITER 

(Test 106: Xms 1 - 16, 18 - 26, 54 - 60, and 66) 
E$;p 7 e 4  

L = 0Q323 meter (12.720 ine) 
0.006 Model Scals 





BASIC CONFIGURATION AS PER 
NR LINES DRAWING 9992 -1348 .  

A L L  DIMENSIONS NORMALIZED 
BY BODY LENGTH, L 

L= 0 .323  meter (12.720 in.) 
[0.006 MODEL SCALE] 

BODY LENGTH 
1 . 0 0 0  

Figure 2. - Three-view drawing of delta-wing orbiter model with flow orientation, 

NATIONAL ALKONAUIICS A N D  SPACE ADMIEII,IPAIION 
AMES RESEARCH CLNiER P.fOFFElI FIELD CALIFORNIA 







T- TOP SURFACE 
B - BOTTOM SURFACE 

NOTE: SEE THERMOCOUPLE 
LOCATION TABLE FOR 
VERTICAL TAILS 

O/o CHORD 

45.6 O/o EXPOSED 
55.3 SEMISPAN 

ELEVON HINGE LINE 

RUDDER HINGE L INE 

( c )  Wing and  w i n  vertical h a i l s  

Figure 3, - Concluded,  

NAilONAi  AEROI<AUIICS AND SPACE ADMINISIIAIIOIU 
AhjLS RESEARCH CENT€'. MOFFETT F!EL& CALIFO?P:IA 



M, = 7.4 

,f3 = 0 °  8 e =  0" 6,. O0 

Re,, x Run 

0 1 . 1  4 I 
3.88 2 

- Modified swept 
cylinder theory 

+ Wing 

( a )  a = 15' 

Re,, X Run 

0 1.04 3 w 
A 2.12 4 O F  OK v 
0 3.06 5 
0 4.17 6 
V 7.24 5 8 - Modified swept 

2.2 cylinder theory 

v v  2 .o 
1.8 - 
1.6 

( b )  a = 3 0 "  
V) 

-0- 
U 

Re,, x Run 

3.17 9 - 
0 4.29 10 - Modified swept 

cylinder theory 

+wing 

63 !5J cl 
0 

Nondimensional axiol distance, x / L  







Re,, X Run 

0 1.14 I 
A 3.88 2 

6.2 1 18 
0 7.34 60 

Rem, X Run 

0 1.04 3 
A 2.12 4 

5 
C 

. 0 5  
Re,, L x  Run 

.04 0 1.21 7 
a 1.83 8 

3.17 9 
.03 

I-. 
Canopy 0 4.29 10 

Nondirnensional axial distance, x /L  



p, deg Rem, L x l ~ - 6  Run 

0 0 0.85 19 
a 0 3.98 20 
d -5 1.09 2 1 
B -5 4.35 22 

I I I I I I I A I I 
0 

- 
.I .2 .3 .4 .5 .6 .7 .8 .9 1.0 

Nondimensional axial distance, x/L 
( c )  a=53O 

p,  deg ReaVLx Run 
.06 0 0 1 .OO 14 ,-"--7 

a o 4.20 1 6  
.05 d -5 1.06 

OF O K  ; 
23 - 1.2 . CY \ d -5 4.37 24 

b 
'0- 
, .04 

o t) wing .- + 
e 
a .03 - - 
2 

z' .02 .- 
.4.- 

0 
w 
I .o 1 - 

- 
0 

- 
w 
I 1  

U )  

2, 
,El, deg ~e,,~xl0-~ Run 

.06 0 0 1.10 I I 
& A 0 3.98 13 

.05 0' d -5 1.10 25 
LY -5 4.22 2 6 

w 
u 

1.0 - 

- 8  - 

-6 - 
- 

.2 - 

- . 9 y  g 
C Z 
x % 
w I 

5 - 
.8 0 \ & = g z 
28 .7 - 
% c.4 

.6 < 
$2 

.4 



a ,  deg Re,, L xlod Run 

e 2 r  1.14 I 

0 20 40 6 0  8 0  100 120 140 160 180 
Body circumferential angle, +, deg 

( c )  x/L = 0.6 



Re,, x Run 

( a 1 6.7 O/O Exposed semispan 

( b ) 45.6 '10 Exposed semispan 

.2 

Body-$ variation 

I (Laminar, x / L  =0.5 - I .0) 

0 10 20 30 40 50 60 70 80 90 100 
Percent chord 

( c 84.3 O/O Exposed semispan 



Re,9 L x 1 0 ' ~  Run 

., 
( a 16.7 O/O Exposed semispan 

- 
( b )  45.6 O/O Exposed semispan 

Body-% variation 
.I - (Laminar, x/L =0.5 - 1.0) 

B 
I I I I I I I I - - 

40 50 60 70 80 90 100 
Percent chord 

( c ) 84.3 O/O Exposed semis pan 



Rern, L X Run 
0 1.21 7 

I I I I I I I I I 9 
( a  ) 16.7 '10 Exposed semispan 

0 I I I I I I I I I 
( b  45.6 '10 Exposed semispan 

0 
Body-% variation 

I I I I I I I I I I 
0 10 20 30 40 50 60 70 80 90 100 

Percent chord 

( c )  84.3 % Exposed semispan 



Percent 
chord 

o 2.5 
a 1 0  

2 0  
0 4 0  
V 8 0  

/&-d 
&-- &--A- 

- 4 4 3  
I+------- _---- + - - - - - - - * z z z  ------- 

I EH- -- -- -0 
0 I 

I - - - - - - . a 
(a) a = 15O; ~e, ,~=l . l4x10~ (Run I )  

0-------- 
+---------- -0 

. - - - - - - - +L - - - - - - - - - - 1 0 7  I I , q 
(b) a = 30'; ~e,, L= 1.04~10~ (Run 3) 

Body-$ variation 
(Laminar, x / L  =0.5 - 1.01, 

Percent exposed semispan 

( c  ) a = 53O: ~ e ~ , ~ = 1 . 2 1  x106 (Run 7 )  



45.6 O/O Exposed semispan 
M, = 7.4 ,G=O 

.3 8,, deg ReaVLx Run 

0 0 I I 
0 4 2 
0 6 18 

0 +I4 I 19 
i3 +I4 

2 
.2 4 20  .i d 

a2 
s: 

Turbulent, 8, = +14" a! 
0 
'0 
U 
I-( 
3 
CO 

e 
I !? 

U 

Turbulent, 6, = O0 o m 
cn 
*u 
\ F 

3 
*A 

'5 S 
d 

-6 o o + 
12 2 
a, 

'r* 

+ ,-I 

12 4 

I .3 
a, 

S,, deg R % , ~ x  Run 4 8, -H 
C . - a, 
.e 0 0 I 3 OF 73 
0 O K  r--7 
a, 
I 0 4 6 1.4 2 2 - 

0 +I0 I 14 ? 
I I - 2.0 V i  

Ui 

i3 +I0 4 16 4 
Cli 

.2 
31 
0 

id 
0 

- 1.8 
a r a 
$ 2  W 
CU-I w 
12 ' M - 

1.2 a& .g E 

- 1.6 E z S: -3' 
I A 

- - 4 

CU 
Ld 
3 
hD 
-ri 
b-4 

0 10 20 30 40 50 60 7 0  80 90 100 
Percent chord 

(b) a=30° 



.02 

.o I 

U) 

.KT- 
\ 

3 
*8- 

- 0 0 . - 
t 

0 
( a ) 7.0 "10 Exposed semispan 

Rea, L x 1s6 Run 

Percent chord 

( b ) 1 6.7 "10 Exposed semispan 



B 
I I I I I 0 7 0  w 

1 ( c 45.6 O/O Exposed semispan 
3 

-0- 

ReavL x Run 

0 20 40 60 80 1 00 
Percent chord 

( d ) 84.3 O/O Exposed semispan 



0 
( a 7.0 O/O Exposed semispan 

( c ) 45.6 O/O Exposed semispan 

Re,, L x Run  

I I I I I I I W I 
20 40 60 80 100 

Percent chord 

( d ) 84.3 O/O Exposed semi span 
> / 



( a 7.0 O/O Exposed semispan 

Real, L x Run 

( b ) 16.7 O/O Exposed semispan 

- 

0 
( c ) 45.6 O/O Exposed semispan 

0 20 40 60 80 1 00 
Percent chord 

( d  ) 84.3 O/O Exposed semispan 


